Backgrounds/Aims: Laparoscopic cholecystectomy (LC) has become widely used and preferred standard treatment for gallbladder (GB) disease in many countries. In this study, we aimed to compare the overall clinical outcomes of 3-dimensional (3D) LC system with those of the 2D LC method. Methods: We retrospectively analyzed patients who underwent LC for acute cholecystitis between January 2010 and March 2019 at the National Medical Center in Korea. We entered them into 3D LC (group A) and 2D LC (group B) groups. We used Olympus CLV-190 laparoscopic device with dual lenses, capable of displaying both 3D and 2D images. Postoperative variables considered for evaluating between-group differences in clinical outcomes included diet resumption period after surgery, postoperative hospital length-of-stay, outpatient department follow-up period, surgical time, and postoperative surgery-related complications (blood loss and open conversion). Results: We analyzed 278 acute cholecystitis patients (Group A, n=116; Group B, n=162). Compared to group B, group A had a significantly reduced surgical time and postoperative hospital stay. Although underlying diseases and abdominal surgical history were more prevalent in the 3D LC group, no significant between-group differences in blood loss and open conversion rate were observed. Conclusions: The 3D imaging system offered many advantages over 2D LC, including reduced surgical time and shorter postoperative hospital stay; therefore, it has significance in reducing hospital costs. (Ann Hepatobiliary Pancreat Surg 2019;23:339-343)
INTRODUCTION
Laparoscopic cholecystectomy (LC) has become a widely used treatment for gallbladder (GB) disease. It is also the most preferred standard option of cholecystectomy in many countries. 1 Various studies showed a significant reduction in operation time of LC when using 3-dimensional (3D) imaging systems, compared to the 2D procedure. [2] [3] [4] [5] [6] However, studies showing no significant difference between these 2 systems used older versions of 3D instruments. [7] [8] [9] [10] Only a few comparative studies have been conducted with the new 3D imaging systems (Viking, da Vinci), which suggested the 3D system to be superior to the 2D system. 2, 5, 6 In this study, we reviewed our surgical experience in the management of acute cholecystitis (AC) retrospectively. We aimed to compare the clinical outcomes of 3D and 2D LC systems.
MATERIALS AND METHODS

Study design
This study was approved by the Institutional Review Board of National Medical Center, Korea. We retrospectively enrolled patients who underwent LC for AC between January 2010 and March 2019 at the National Medical Center in Korea. We divided the patients into two groups, based on the laparoscopic system used (Group A, 3D LC; Group B, 2D LC).
Patients were diagnosed with AC based on Tokyo 
RESULTS
We assessed 278 patients who underwent LC for AC during the study period. There were 116 and 162 patients in the 3D (group A) and 2D LC system (group B) groups, respectively, and between-group differences in clinical characteristics were compared. Table 1 shows the preoperative characteristics of the participants. No significantly differences in patients' age or sex, physical status (based on ASA score), body mass index, aspartate aminotransferase, and alanine aminotransferase levels were observed between the groups.
Albumin level showed a slightly increasing trend in group A than in group B. Compared to group A, WBC counts and serum total bilirubin levels were significantly higher in group B. Moreover, preoperative PTGBD was performed more frequently in 2D LC group. In this study, we sought to evaluate clinical outcomes of 3D LC system in comparison with 2D LC method. We showed that the 3D laparoscopic system significantly reduced the surgical time and postoperative hospital stay, compared to 2D LC procedure.
There is only 1 systematic review assessing the benefits and limitations of the use of 3D systems versus 2D systems for LC in the literature. 18 The only prospective randomized comparative study in this review was belonged to Hanna et al. 8 who reported that 3D imaging was not superior in comparison with 2D imaging when considering the operation execution time. However, on contrary to ours, they had used a first-generation single-lens laparoscope, which does not project a true stereoscopic vision to the operator. 3 Stereopsis is the "binocular perception" of relative distance, or the depth separation, between objects that occurs as a result of neural processing of the relative horizontal disparities between the monocular retinal images. Binocular disparities are present because the lateral separation of the eyes in the head provides each eye with a slightly disparate view of a given object. 19 The differences in position between left and right retinal images, termed binocular disparities, can be used by the visual system to recover 3D information from 2D images.
Indeed, stereopsis is important, especially for tasks requiring fine manipulative skills and spatial discriminations, such as threading a needle or surgeries with minimal access like laparoscopic surgeries. 20, 21 Stereopsis and depth perception are not synonymous. Monocular clues including object overlap, relative object size, highlights and shadows, motion parallax, and perspective contribute to depth perception. 22 However, stereopsis is the highest form of binocular cooperation, and it adds a new quality to vision 22 that is accomplished by bichannel optical systems rather than single-channel optic systems. We used a dual-lens laparoscope in our studies. Previous studies showed that when contrast was the same in the 2 eyes, binocular acuity was better than best monocular acuity by an average of 0.045 log minimum angle of resolution, or 11%, 23, 24 which means that normal binocular vision improves functional vision by binocular summation and stereopsis. 19 Therefore, using the bichannel optical system, the surgeon has a heightened spatial perception and can work faster and more safely than with a single-channel system. 25 Moreover another study comparing the 3D and 2D system by using dual lenses evaluated only the operation time of LC. 26 Effect of the 3D system on the performance of the surgeon and its utility as and educational tool for laparoscopic surgery has also been highlighted in the literature. In conclusion, the 3D laparoscopic system, which allows 3D accesses, provides better perspective than the 2D system. It also gives a better recognizable structural view around the GB and Calot's triangle. The 3D imaging system showed many advantages over 2D LC, including reduced surgical time and shorter postoperative hospital stay. A shorter surgical time reduces the exposure time to anesthesia. Therefore, it has a significant impact on patient safety. Besides, shorter duration of postoperative hospital stay reduces the hospital costs, enabling an early return to physical activity and work.
